ABSTRACT: Latent print examiners often use their experience and knowledge to reach a conclusion on the identity of the source. Their conclusion is primarily based on their personal opinion on the rarity of the matching fingerprint features. Fingerprint patterns, if present, can play a significant role in the final assessment of a match. The authors believe that statistical data on the rarity of fingerprint patterns strengthens the subjective evaluation of the corresponding information. In order to provide fingerprint examiners with additional numerical support, fingerprint patterns were manually classified in a set of 24,104 fingerprints. In this study the frequencies of occurrence of 35 different fingerprint patterns have been obtained. The frequency data presented in this study can be used in the ACE-V process applied in forensic casework, allowing for the assessment of the evidential strength related to a specific fingerprint pattern type.
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The Use of Pattern Classification in Casework
It is well known in the field of fingerprint examination that the patterns observed on fingers can be classified into different categories. Looking at fingerprint patterns in detail has resulted in many different classification systems that have been put forward by different authors throughout the years. For a historical overview on the topic of the development of fingerprint classifications, we refer to an overview provided by Laura A. Hutchins (1) . The classification systems for fingerprint patterns that are currently widely used are generally based on the classification systems proposed by Francis Galton in (2) and Edward Henry (3) . The combination of these systems is referred to as the Galton-Henry Classification. For a detailed description and background information of the Galton-Henry classification system and the rules involved with pattern classification used in this system, we refer to the following notes (1) (2) (3) (4) (5) . The main general patterns classifications that are used in the forensic fingerprint field are called arches, loops, and whorls.
Pattern classifications are very helpful to fingerprint examiners. If an infrequent pattern is encountered during a forensic investigation involving fingerprint evidence, pattern information is helpful in speeding up the search for a possible donor. Pattern information is both used within the process of manually comparison and automatic comparison using an Automated Fingerprint Identification System (AFIS). Pattern information allows for the quick exclusion of possible donors of a fingermark found on a crime scene. Alternatively, if the pattern of the fingermark corresponds with the pattern of a finger from a suspect, victim, or witness, this allows for further examination, possibly leading to a match. Some patterns are even indicative for the finger it originates from, an example is that radial loop patterns are frequently observed on index fingers (2) . Knowledge on the occurrence of patterns on fingers is thereby still used to improve the efficiency of manually searching for a possible donor. Nowadays, AFIS systems are used to find potential donors of fingermarks in databases containing millions of persons. In the search process, many AFIS systems use pattern information for the preselection of candidate fingerprints.
The Use of Pattern Classification in the Assessment of the Evidential Strength
We observe that fingerprint examiners predominantly use pattern information in the preselection of possible donors of a crime scene mark. In the comparison phase of the ACE-V process (6) , the general pattern information is mainly used to establish whether or not to continue with the comparison on minutiae level. However, in the evaluation phase of the ACE-V process the distinctive value of the corresponding pattern between the mark and the reference print is usually not fully taken into account. This distinctive value of a pattern is related to the frequency of occurrence of this particular pattern in the general population. By not taking into account the distinctive value of the corresponding pattern between the fingermark and the reference print, a certain amount of evidential strength is lost. In the NFI, we have chosen to use the frequency information of fingerprint patterns within the probabilistic framework. This is reminiscent of the way conclusions are formulated in the field of forensic DNA evidence. The more infrequent a fingerprint pattern is, the more discriminative the pattern is, and therefore the higher the evidential strength. The probabilistic approach allows us to use the distinctive value of a fingerprint pattern in the assessment of the evidential strength of matching fingermark.
The Need for More Measurements
Next to arriving at a fingerprint match, there is a challenge for fingerprint examiners within the probabilistic, the holistic, and to a limited degree also in the numerical approach, to assess the evidential strength of the corresponding features in a given fingerprint match. Every examiner, independent of their approach, subjectively takes into account the discriminative value of corresponding features in a match to be able to arrive at a conclusion. Although knowledge and experience are first and foremost the basis of their competence, the authors would like to strengthen the subjective assessment by providing the fingerprint field with measurements on first-level information, e.g., fingerprint patterns. A more precise assessment of the contribution of the fingerprint patterns requires substantial quantitative data on the frequencies of occurrence of each fingerprint pattern in the general population. Historically, the pattern classification is limited to the arch, loop, and the whorl. For each of these patterns, there is some frequency data available from earlier studies (2, 3, (6) (7) (8) (9) . The authors have tried to incorporate these earlier results in the results section of this article.
The Need for an Extended Set of Fingerprint Patterns
In order to provide additional numerical support to the fingerprint examiners, we have studied the frequencies of occurrence of multiple general patterns in a set of 24,104 fingerprints. The fingerprints were classified according to the NFI extended classification set of fingerprint patterns. The extended set was developed to allow for the encoding of many more variations in fingerprint patterns in comparison with the usual set of patterns containing predominantly arches, loops, and whorls. In this study, the additional variants of the arches, loops, and whorls have shown to contain added value for the evidential strength. This can be illustrated with the inverted loop. This particular pattern is much less frequently observed than, for example, the plain loop and has therefore an increased evidential strength. Variations like the inverted loop, however, are usually not distinguished in current sets of general patterns, and are also missing in the observations made by other studies. Because the authors have also incorporated these less frequent variants in the NFI extended set of fingerprint patterns, we can now provide examiners with the frequencies of occurrence of a total of 35 patterns.
Data and Methods

The NFI Extended Pattern Set
This part sets out the set of fingerprint patterns that is currently used in forensic casework at the NFI. It is called the NFI extended pattern set because of all the additional patterns or variants that have been added during this study. The NFI uses the GaltonHenry system based on strict rules for classifying arches, loops, and whorls. The authors also chose to include the variability that exists within the core areas. This lead to the definition of the extended pattern set. For many of the added patterns we have used a nomenclature based on what is regularly used in the field of latent print examination. In some instances, when there was no description available for the particular pattern in the Galton-Henry system, the authors chose to provide new pattern descriptions primarily based on characteristics of the visible ridge flow. In this study, the additional patterns have shown to contain added value for the evidential strength. For an illustrative overview of classification systems that have been developed throughout the years, the authors refer to (1) . For the classification rules of fingerprint patterns, an introduction is given by (4, 5) . Below the authors give an overview of the descriptions of the subclassifications of arches, loops, and whorls that were made in the NFI extended pattern set.
Subclassifications of the Arch Pattern
Several studies indicate that arch patterns are observed in about 5% of all fingerprints (2, 3) . The defining characteristic of arch patterns is that there is no delta present. Arch patterns generally display a relatively horizontal ridge flow, with ridges flowing from the left to the right side of the fingerprint, while in the center of the fingerprint the ridges display an upswing. The ridges in the center of arch patterns do not recurve, as for example, observed in loops, and do not form circular patterns as, for example, observed in whorls. Figure 1 shows the sketches of the subset of arch patterns in the extended pattern set. In the NFI extended pattern set, the following arch patterns are distinguished:
• Plain arch -this pattern represents the most basic form of an arch in which the ridges of the finger flow relatively horizontally from one side to the other. In the center of the plain arch, the ridges display only a slight upward tendency.
• Tented arch -the ridges flow relatively horizontally from one side to the other. In the center, however, at least one ridge with a relative short length is vertically oriented.
• Tannenbaum -the ridges flow from one side to the other side of the finger. In the center, several relatively longer ridges are vertically oriented. The "Tannenbaum" pattern is taken from a publication of the German Bundes Kriminal Amt (10).
• Roofed arch -the ridges flow from one side to the other side of the finger. In the center, a ridge displays a sharp bend of approximately 90 degrees, and then suddenly stops. The resulting ridge is reminiscent of the outline of an angled roof of a rural Dutch farmhouse.
• Pseudoloop -the center of the fingerprint displays a recurving ridge, however, a convex ridge between the core and the delta point is absent.
• Composite arch -in the center of the fingerprint a small circular ridge formation appears, however, a convex ridge between the core and the delta points is absent.
Subclassifications of the Loop Pattern
Several studies indicate that loop patterns occur in about 60-70% of all fingerprints (2,3). The defining characteristics of loop patterns are that there is one delta and at least one recurving ridge toward the side where the ridge originated. An introduction into classification rules involved in the exact placement of cores and deltas is shown in (4) . In loop patterns, the delta is located on the opposite side of the ridge structure that forms the loop. In the extended pattern set, a subclassification is introduced that includes plain loops, pinched loops, central pocket loops, and inverted loops. We choose to include the central pocket loop in this subset because the general ridge flow in a central pocket loop closely resembles the ridge flow of plain loop patterns. For each included loop type, the classification set includes the slant of the loop. This implies that there are left loops and right loops. Figure 2 shows the sketches of the subset of loop patterns. In the NFI extended pattern set, the following loop patterns are distinguished:
• Plain loop -this pattern represents the most basic shape of a loop containing a ridge flow displaying an upward orientation, in which at least one ridge recurves toward the side where the ridge originated. There is one delta present.
• Pinched loop -this loop pattern contains a ridge flow with an upward orientation in which at least one of the recurving ridges bends sharply downward.
• Central pocket loop -the center of this loop pattern contains a circular ridge flow. A second delta is present and is situated much nearer to the core than the primary delta.
• Inverted loop -this loop pattern displays a clear downward orientation, in which at least one ridge recurves toward the side where the ridge originated. There is one delta present. This pattern is also known as the "nutant loop," "mohawk," "invertierte Schleife," or the "hanekam."
Subclassifications of the Whorl Pattern
Several studies indicate that whorl patterns occur in about 25-35% of all fingerprints (2,3). The defining characteristic of whorls is that every whorl pattern has at least two deltas.
What most whorl patterns have in common is that there are ridges in the center of the pattern that tend to show a circular orientation. The most basic whorl patterns such as the plain whorl and the spiral have at least one circular shaped ridge in the center. For some included whorl types, the classification set includes the direction of the whorl types which is either related to the slant or to the outward spiraling of ridges. This implies, for example, that there are both clockwise and counterclockwise oriented spirals. Furthermore, for whorl types including a loop structure, e.g., double loops with a standing loop, the orientation of the standing loop can be to the left or to the right. Figure 3 shows the sketches of the subset of whorl patterns. In the NFI extended pattern set, the following whorl patterns are distinguished:
• Plain whorl -this pattern represents the most basic form of a whorl, displaying a circular ridge flow in the center of the fingerprint.
• Plain whorl with a center stick -in the core of the whorl, a short unconnected vertical ridge is present. The neighboring ridges display a circular ridge flow.
• Plain whorl with a center dot -in the core of the whorl, an isolated ridge unit is present whose length approximates its width in size (11) . The neighboring ridges display a circular ridge flow. • Plain whorl with a meat hook -in the core of the whorl, an isolated ridge unit is present resembling an s-shape. This ridge in the form of an s-shape appears in two different orientations, which are mirrored versions of each other.
• Plain whorl with a horse shoe -in the core of the whorl, an isolated ridge unit is present in the form of a horse shoe. The orientation of the horse shoe can vary. For instance, the opening of the horse shoe can be oriented upward, downward, to the left, or to the right.
• Spiral -one or more ridges emanate from the core, and gradually spirals outward and away from the core.
• E-spiral -in the core the spiraling ridge starts in the form of an e-shape, and gradually spirals outward and away from the core.
• Almond -multiple ridges around the core display an elongated elliptical ridge flow.
• Tulip -in the lower half of the core there is at least one ridge displaying a vertical orientation, intersecting with multiple ridges on either side, reminiscent of the shape of a stem with leaves.
• Double loop with two loops coming from different sides -a combination of two loops of which one is oriented to the left and the other to the right. The orientation of a double loop pattern is defined by the orientation of the standing loop (lower loop).
• Shared double loop -a combination of two loops of which one is oriented to the left and the other to the right. In the core, the two inner loops are sharing the same ridge in their inner loop structure. The orientation of a shared double loop pattern is defined by the orientation of the standing loop (lower loop).
• Double loop with two loops coming from the same side -a combination of either two left loops or two right loops.
• Composite whorl -a ridge flow displaying a loop overarching a whorl. The orientation of the composite whorl is defined by the orientation of the loop. This pattern is also known as an "accidental whorl."
• Mushroom -ridges in the core of the pattern display two interconnected inverted loops. The resulting pattern closely resembles a mushroom. This pattern is also known as an "accidental whorl."
Classification of the Fingerprint Set
The frequency data of the extended set of fingerprint patterns described in this article originates from the Dutch criminal 
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fingerprint database. For research purposes, the anonymized copy of the Dutch criminal database consists of a large collection of fingerprint images that were derived from digital scans of tenprint cards. In this study, the authors used a random extraction of this database. The sample originates from scans of 2452 tenprint cards. Of the 2452 individuals, 2171 are male, and 277 are female (for 4 individuals the gender was unknown). The sample contains sets of the 10 rolled fingerprints. All fingerprint images have the same standard resolution of 500 dots per inch, and a standard image size of 512 9 512 pixels.
Currently, there are no algorithms available that provide automated pattern classification for the extended pattern set that we used in this study. Therefore, the fingerprint patterns of the fingerprint data set have been manually classified. In the first stage, two NFI examiners encoded the first 10,000 fingerprints of the fingerprint dataset independently, i.e., in a blind manner. At the second stage, a forensic science student encoded the second part of the fingerprint dataset, involving about 14,000 fingerprints, and afterward made a review of the encodings. Before classification of the dataset commenced, the student was trained and tested to competency by the fingerprint examiners. He was provided with full training on the classification rules involved in the Galton-Henry classification system, and the NFI extended fingerprint classification set. At the third stage, each encoding made by the student was reviewed by one of the fingerprint examiners. All newly introduced pattern types were reviewed independently. For example, all loops with a ridge count less than 3, were reviewed by one of the examiners in order to safeguard a correct classification according to the classification descriptions.
The classification of 24,104 fingerprints using the extended pattern set has proven to be a laborious task to the examiners concerned. In order to provide assistance to the task of encoding this large amount of fingerprint data, the fingerprint individualization group of the NFI created a dedicated software tool called the Pattern Encoding Tool (PET). The graphical user interface of this tool has been especially designed to assist the examiners and students in quickly selecting the applicable fingerprint pattern, and to make fast navigation possible in a large set of fingerprints. The PET automatically stores newly encoded pattern data. The flexibility of the tool enables a quick adaptation of the user interface for adding newly discovered patterns by fingerprint examiners. The software also provides the functionality to make surveys of the frequencies of the encoded patterns. Table 1 shows the final status of the classification of the dataset. In 24,104 images, the pattern classification of the fingerprints could be assigned. For the other 416 images, it was not possible to classify the fingerprint pattern. The most commonly encountered problems were: the images contained no fingerprint at all, the fingerprint displayed very poor image quality, or the ridge skin of the finger was heavily damaged. For the majority of the fingerprints in the dataset, it was possible to unambiguously classify them using the extended pattern classification set. Nevertheless, for a limited number of fingerprints with a whorl pattern, the examiners were not able to assign a definitive subclassification of the whorls. This occurred for 103 fingerprints displaying a whorl-like pattern. These fingerprints were assigned to the irregular (not identifiable) whorl category.
Results
The Frequencies of the Traditional General Patterns: the Arches, Loops, and Whorls
As a first step in the presentation of fingerprint frequencies, the frequencies of the more traditional general patterns are presented, i.e., arches, loops, and whorls. To ascertain whether the observed frequencies are in correspondence with those obtained in earlier studies, the general pattern frequencies are presented together with the pattern frequencies from five earlier studies in Table 2 . The results of the study reported by Francis Galton, is based on a dataset containing 5000 digits from 500 individuals (2) . The results of the study by Rignell and Sj€ oqvist, who reported on the Swedish method of fingerprint classification, is based on pattern frequencies of 120,000 individuals from the Swedish population (7). The NIST results are based on the FBI fingerprint collection containing 17,951,192 tenprint cards for males (6) . The results reported by Guttierez are based on fingerprint data from approximately 200 tenprint cards from the Spanish population (8) . The results of the study performed by Neggaz are based on the sample of 228 tenprint cards of people from Oran, a city in Algeria (9) .
The classification of all general patterns has to be brought in line, in order to be able to compare the reported frequencies of the general patterns from all studies. Earlier studies tend to regard central pocket loops as whorl patterns, in this study the central pocket loops are considered to be loop patterns. Consequently, for comparison of the frequencies of the general patterns with the five other studies, the NFI extended pattern set was temporarily brought in line with this classification. In other words, the authors chose to regroup the frequencies of this study by temporarily placing the frequency results of the central pocket loops in the category of the whorls.
When comparing the frequencies of the patterns between the six studies, a similar frequency distribution is observed. However, differences in frequencies do appear. As expected, frequency values obtained in different studies will always show some differences in values, and they can be attributed to several underlying factors such as sample size. One of the factors with respect to the differences in frequencies can be explained by the fact that the different studies used a slightly different classification system. Examples of differences in categorization are the following:
• Pseudoloops, in this study categorized as arch patterns, may have been categorized in other studies as loops.
• Loops displaying a small core-delta distance, in this study categorized as loops, may have been categorized in other studies as tented arches.
• Composite arches, in this study categorized as arches, may have been categorized in other studies as a whorls.
Frequencies of General Patterns for Each Specific Finger
The frequencies of general patterns for each specific finger are compared between the six studies. Figure 4 shows the frequencies of the arch group for each specific finger, Fig. 5 shows the frequencies of the loop group, and Fig. 6 shows the frequencies of the whorl group. Figure 7 shows the distribution of the ulnar loops for each specific finger, and Fig. 8 shows the distribution of the radial loops for each finger. The observed frequencies of occurrence of the patterns for each specific finger are surprisingly similar between the six studies.
The data from the six studies suggest a strong finger dependency for arch patterns; they are predominantly present on the index and middle fingers. This data can be helpful for fingerprint examiners in order to estimate the possible donor finger of a fingermark displaying an arch pattern in casework. The data for the grouped loop patterns and the grouped whorl patterns are clearly less finger-dependent, and thus less specific. To be able to use data on frequencies of loop patterns and whorl patterns during the analysis phase of a fingermark, a far more detailed classification system is necessary in order to be able to estimate a possible donor finger, and at the same time would be very informative in the assessment of the evidential strength in case of a match. For example, the low occurrence of an arch pattern on thumbs, see Figure 4 , is related to a relatively higher added evidential strength. For example, in case of a match of a crime scene fingermark displaying an arch pattern left by a thumb, the added evidential strength of the arch pattern would be approximately 5 times higher than if the fingermark would have been left by an index finger.
Five of the 6 studies provide data that allow the comparison of frequencies of occurrence for ulnar and radial loops. Figure 7 shows the distribution of the ulnar loops over the 10 fingers and Fig. 8 shows the distribution of the radial loops over the 10 fingers. When comparing Figs 7 and 8, it becomes apparent that the ulnar and radial loops are distributed differently over the 10 fingers. For example, radial loops are much more frequently observed on index fingers than on other fingers. 
Category
In 24,001 images, a fingerprint pattern was assigned from the NFI extended pattern set In 103 images, the fingerprint was assigned to an irregular whorl pattern, not from the NFI extended pattern set In 416 images, a fingerprint pattern was not assigned due to the following reasons: In 98 images, there was no fingerprint observed on the image, In 217 images, the image quality was too low to discern a fingerprint pattern, In 101 images, the ridge skin of the finger was too damaged to discern a fingerprint pattern. The frequencies of the three traditional general patterns are given in percentages. Again, frequency data from Fig. 8 can be very useful to fingerprint examiners in order to estimate the possible donor finger of a fingermark displaying a radial loop pattern in casework. For example, the relatively high occurrence of radial loops on index fingers is very useful to estimate a possible donor finger, on the other hand, this relatively high occurrence has a mitigating effect on the evidential strength. For example, in case of a match of a crime scene fingermark displaying a radial loop left by an index finger, the subsequent evidential strength of the radial loop pattern would be approximately 15 times lower than if the fingermark would have been left by a thumb.
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FIG. 4--Distribution
The Extended Pattern Set
In this section, we would like to address the reason for extending the more traditional set of general patterns. Historically fingerprints have been categorized into the well-known groups of arch, loop, and whorl patterns. The assumption that the authors had at the start of the study was, that introducing more detailed descriptions of these patterns would result in a better understanding of the added value of the more specific fingerprint patterns. Without the knowledge that was gained during this study, we would not have been able to assign an added evidential strength to, for example, the central pocket loops in forensic casework. Table 4 shows the frequency data of each loop pattern in the extended set. The frequency of occurrence of a central pocket loop oriented to the left is 1 in every 70 fingers, which clearly demonstrates that central pocket loops oriented to the left are far more rare than ordinary left loops, which occur 1 in every 3 fingers. Looking back at the beginning of the study, the assumption that we had, has been confirmed not only for central pocket loops but also for a multitude of other distinct patterns. The use of these newly obtained frequency data in fingerprint casework was obviously the next step in the assessment of the evidential strength of fingermark matches. For example, in case of a match of a crime scene fingermark displaying a left central pocket loop, the added evidential strength of the central pocket loop to the match is increased by approximately a factor of 20. This is based on the frequency of occurrence of left central pocket loops (1 in 70 fingers), versus the frequency of occurrence of ordinary left loops (1 in 3 fingers). The match is therefore 20 times more rare to observe in the population. By combining the value of the pattern with the value of the corresponding minutiae, the match becomes instantly 20 times more discriminatory. Below, the main observations for each pattern in the extended set are discussed.
Arches
Within the arch pattern group we distinguish a total of eight types of arches. Table 3 shows the frequency data for each type. The plain arch is the most common arch pattern and was observed in this study in about 3% of the fingerprints in the dataset. The composite arch and the roofed arch are relatively rare patterns, as they were observed in less than one in every thousand fingerprints. For most of the arch pattern types the "preferential finger," the finger on which the pattern is the most common, are the left and right index fingers. For the pseudoloop, however, most left pseudoloops occur on the left middle finger, and most right pseudoloops occur on the right middle finger.
Loops
Within the loop pattern group we distinguish a total of 8 types of loops. Table 4 shows the frequency data for each type. The plain loop is the most common loop pattern, and is observed in this study in about 60% of fingerprints in the dataset. The majority of the left loops is observed in fingers of the left hand and the majority of the right loops is observed in fingers of the right hand. These findings are corroborated by previous studies (2, (6) (7) (8) (9) . The inverted loops are relatively rare patterns and were observed only 27 times in the dataset that was used in this study.
Whorls
Within the whorl pattern group, we distinguish a total of 20 types of whorls. Table 5 shows the frequency data for each type. The whorl pattern with a center stick is the most common and is observed in this study in about 7.6% of the fingerprints in the dataset. Many whorl patterns were relatively rare in the dataset: e.g., the e-spiral, the plain whorl with a meat hook, the double loop with two loops to the same side, the composite whorl, and the mushrooms. These patterns were present in less than one in every 1000 fingerprints. The majority of the double loops displaying a standing loop oriented to the left were observed in fingers of the left hand, and the majority of the double loops with a standing loop oriented to the right were seen in fingers of the right hand. The majority of the clockwise spirals occurred on left hand fingers, and the majority of the counterclockwise spirals were seen on right hand fingers. For plain whorls, plain whorls with a center stick, plain whorls with a center dot, spirals and tulips the preferential fingers are both ring fingers. Other patterns, such as the double loops with loops coming from different sides and almonds, are much more prevalent on thumbs. Highly rare patterns such as e-spirals, double loops with two loops coming from the same side, composite whorls and mushrooms seem to be prevalent on both index fingers. 
Discussion and Conclusions
In casework, general patterns can be highly instrumental in the quick exclusion of possible donor fingers, and in the case of a matching pattern, allow for further examination on minutiae level. In case of a corresponding pattern, however, often the rarity of the pattern is disregarded which leads to an underestimation of the evidential strength of the match. In order to investigate the possible added value of fingerprint patterns, a dataset of 24,104 fingerprints was constructed, and subsequently analyzed on pattern level. Because the current study was focused on obtaining measurements on frequencies of occurrence of many more fingerprint patterns than usually are taken into account, an extended set of patterns was created. The frequencies that were obtained in this study have resulted in supporting the NFI examiners in assigning additional evidential strength to fingermark comparisons in which a fingerprint pattern was observed.
Until now, the estimation of the evidential strength in fingerprint casework has relied primarily upon the knowledge and expertise of fingerprint examiners, and is mainly based on the quantity of corresponding second-level detail (minutiae). The data collected in this study offers all fingerprint examiners, independently of their applied approach, the opportunity to combine their expert knowledge with scientifically established frequencies in assigning the evidential strength of a pattern. The authors believe that quantitative frequency data are not only relevant to fingerprint examiners using a probabilistic approach, it is also relevant for fingerprint examiners using a holistic or a numerical approach. Examiners using a holistic or numerical approach are also confronted with the task to determine whether there is sufficient corresponding dactyloscopic information in order to be able to individualize a fingermark (12, 13) . Therefore also within these approaches, there is sufficient room for quantitative data on pattern frequencies to substantiate expert findings. The frequency data in this study clearly show that some patterns can contribute substantially to the evidential strength of a match. Therefore, by providing our measurements on the rarity of fingerprint patterns, examiners can more objectively and transparently demonstrate the support that exists for their conclusions.
In 2015, the European Fingerprint Working Group of the ENFSI has included the probabilistic approach in their Best Practice Manual (14) . This implies that currently within the ENFSI there are three approaches that are accepted as best practice for the reporting of fingerprint evidence: the numerical, the holistic, and the probabilistic approach. The NFI examiners report their final conclusions using a verbally expressed likelihood ratio. Next to the reporting of their subjective conclusions, the examiners can add a numerical substantiation to the reported verbal term. The numerical substantiation is partly based on the assessment of the rarity of the corresponding pattern. In order to be able to provide an estimation of the rarity of the TABLE 3--Frequency data for the arch pattern group (in the set of 24,104 fingerprints).
Pattern Finger
Total in NFI Database corresponding pattern, the NFI examiners use the pattern frequencies based on the fingerprint dataset. The encoded dataset containing 24,104 fingerprints provides the NFI examiners the objective measurements to be able to translate their gut-feeling about the discriminative value of a pattern into a "number" which directly informs the examiners about the value of the pattern in case of a match. On the other hand, knowledge on frequency data also improves in a direct sense the experience and knowledge of fingerprint examiners. The encoding of a more elaborate set of patterns allows the examiners to not only have numbers for the more frequent patterns but also numbers on the more infrequent patterns. This knowledge is directly applicable in daily forensic casework. Next to the obvious data concerning the frequencies of occurrence, the NFI dataset also incorporates pattern information related to specific fingers. Ideally, pattern frequencies should be researched by other forensic institutes, in order to compare frequencies of fingerprint patterns among different populations. Such studies would offer the opportunity to study the evidential strength of fingerprint patterns from the perspective of examiners, and would provide quantitative data that is directly applicable in everyday casework. The authors would like to make an appeal to other forensic institutes to replicate this study in their own population, since it is unclear to what extent the observed frequencies in this study are applicable in casework in countries other than The Netherlands. We do regard the use of a Pattern Encoding Tool instrumental in the arduous task of encoding large fingerprint datasets. In the near future, the authors would like to increase the size of the dataset in which the fingerprint patterns have been classified, in order to improve the reliability of the reported frequencies for the uncommon patterns. Also, it would be beneficial to collectively work toward a common agreement on more precisely defined descriptions of the various occurring patterns in the fingerprint community. To allow for a more exact comparison between studies regarding the frequencies of fingerprint patterns, it is requested that not only the frequency values are reported but also detailed descriptions of the features on which the categorizations are based. This will allow for the easy exchange of fingerprint pattern frequencies between collaborating forensic institutes. In this context, the authors would like to mention that the Pattern Encoding Tool has recently been made available to a select number of forensic institutes based on a software evaluation license agreement. The authors regard the measurements on the pattern frequencies as a vital step toward the development of a more scientifically based evaluation of the evidential strength of fingerprint evidence, which will eventually lead to new discoveries and insights in the field of fingerprints.
